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Ablation of tumor/diseased
tissue
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MINIMALLY INVASIVE ARTICULATING
ASSEMBLY HAVING ABLATION
CAPABILITIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage of International Appli-
cation Number PCT/US2018/043658, filed Jul. 25, 2018,
which was published as International Publication No. WO

2019/023328 on Jan. 31, 2019, and which claims the benefit
of, and priority to, U.S. Provisional Application No. 62/337,
418, filed Jul. 26, 2017, the contents of each of which 1s

hereby incorporated by reference herein in its entirety.

FIELD

The present disclosure relates generally to medical
devices for ablating tissue, and, more particularly, to a
mimmally mvasive articulating assembly including a deliv-
ery device 1 the form of a guide sheath configured to be
advanced through tortuous anatomy, particularly within a
lung, and deliver at least two separate steerable and expand-
able ablation devices to a target site located at a bifurcated
section within the lung (e.g., bronchial airway bifurcation),
wherein the expandable ablation devices are configured to
be deployed and cooperatively controlled so as to apply
compression and/or energy emission to the target tissue for
subsequent ablation thereof.

BACKGROUND

Ablation therapy 1s a type of minimally mnvasive proce-
dure medical professionals (i.e., surgeons) use to destroy
abnormal tissue that occurs with many conditions. For
example, a doctor might use an ablation procedure to treat
a cancerous tumor (1.e., completely destroy cancerous tis-
sue) or to destroy (ablate) a small amount of tissue, such as
in the heart so as to prevent and/or treat abnormal heart
rhythms. In some instances, ablation therapy may be par-
ticularly dithicult due to the location of the abnormal tissue
to be treated and the degree of preciseness required to avoid
ablating adjacent healthy tissue, such as diseases of the lung.

For example, emphysema 1s a lung condition that causes
shortness of breath. In people with emphysema, the air sacs
in the lungs (alveol1) are damaged. Over time, the inner
walls of the air sacs weaken and rupture, thereby creating
larger air spaces 1nstead of many small ones, which reduces
the surface area of the lungs and, in turn, the amount of
oxygen that reaches the bloodstream. A currently available
solution for patients suflering from emphysema 1s a surgical
procedure called Lung Volume Reduction (LVR) surgery
whereby diseased lung 1s resected and the volume of the
lung 1s reduced. Such a procedure allows healthier lung
tissue to expand into the volume previously occupied by the
diseased tissue and allows the diaphragm to recover. How-
ever, high mortality and morbidity may be associated with
this 1nvasive procedure.

Several minimally invasive investigational therapies exist
that aim at improving the quality of life and restoring lung
function for patients suflering from emphysema, such as
mechanical implants 1n the form of one-way valve devices,
which achieve absorptive atelectasis of a lung (1.e., the
collapse of part of the lung) by preventing air from entering
diseased portion of the lung, while allowing air and mucous
to pass through the device out of the diseased regions.
However, such devices may lack effectiveness. In particular,
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2

studies have shown that a phenomenon known as collateral
ventilation, which 1s the ventilation of alveolar structure
through passages or channels that bypass normal airway and
thus prevent complete occlusion, prevents atelectasis. The
lack of atelectasis or lung volume reduction drastically
reduces the eflectiveness of currently known mechanical
implants. Other mechanical devices include means of
deploying anchors 1nto airways and physically deforming
arrways by drawing the anchors together via cables. Bio-
logical treatments may utilize tissue engineering aimed at
causing scarring at specific locations. Unfortunately, it can
be diflicult to control the scarring and to prevent uncon-
trolled proliferation of scarring.

SUMMARY

The present invention 1s directed to a minimally 1nvasive
articulating assembly including a delivery device in the form
of a guide sheath configured to be advanced through tortu-
ous anatomy, particularly within a lung, and subsequently
deliver at least two separately deployable and expandable
ablation devices to a target site located at a bifurcated
section of the lung (i.e., at a bronchial airway bifurcation)
for ablation of a target tissue (1.e., diseased tissue, such as a
cancerous tumor or emphysema-related damaged tissue).

A first one of the ablation devices 1s steerable towards a
first pathway extending from the bifurcation and a second
one of the ablation devices 1s separately steerable towards a
second pathway extending from the bifurcation, such that
cach of the ablation devices can be positioned on either side
of a target tissue proximate the bifurcation. The first and
second ablation devices each include a distal applicator tip
configured to transition between a delivery configuration, 1n
which the applicator tip 1s collapsed and 1s shaped and sized
to fit within and pass through a pathway (1.e., bronchial
arrway), and a deployed configuration, in which the appli-
cator tip 1s expanded and 1s shaped and sized 1n such a
manner so as to become lodged or anchored within the
pathway and thereby apply at least a degree of compression
upon the target tissue, such that the target tissue 1s generally
compressed between the distal applicator tips. One or both
of the distal applicator tips further includes an electrode
array configured to emit RF energy upon the target tissue for
subsequent ablation thereof.

Accordingly, the assembly of the present invention allows
for improved controlled over the ablation of tissue, particu-
larly 1n normally 1solated regions ((i.e., tortuous pathways 1n
the lung), allowing for application of RF energy in a
controlled manner with little or no deleterious effect on
surrounding healthy tissue or organs. Furthermore, the pres-
ent invention allows for debulking of diseased tissue almost
immediately by way of RF ablation, such that, upon treating
the diseased tissue, necrosis of such tissue 1s immediate and
the assembly can be completely removed once the procedure
1s completed, and thus does not present any 1ssues that may
be present with devices requiring implantation for a given
period ol time.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the claimed subject matter
will be apparent from the following detailed description of
embodiments consistent therewith, which description should
be considered with reference to the accompanying drawings,
wherein:

FIGS. 1A and 1B are schematic illustrations of an ablation
system consistent with the present disclosure;
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FIG. 2 1s a perspective view ol one embodiment of a
steerable and expandable ablation device compatible with
the system of FIG. 1A;

FIGS. 3A and 3B are enlarged views of a distal applicator
tip of the ablation device of FIG. 2 in greater detail,
illustrating transition of the applicator tip between a delivery
configuration (FIG. 3A) and a deployed configuration (FIG.
3B);

FIG. 4 1s a side view of an articulating assembly consis-
tent with the present disclosure, 1llustrating a pair of steer-
able and expandable ablation devices extended from an
cehvery device, wherein the distal tip of the first ablation
device 1s 1n the delivery configuration and the distal tip of
the second ablation device 1s 1n the deployed configuration;

FIGS. 5A and 5B illustrate positioning and movement of
the articulating assembly through tortuous pathways within
the bronchial airways of a lung, specifically illustrating the
steerable nature of at least one ablation device positioned
with the delivery device;

FI1G. 5C 1llustrates positioning of the distal applicator tips
of the first and second ablation devices, specifically 1llus-
trating independent movement of each applicator tip into a
respective pathway extending from a bronchial airway bifur-
cation and further positioned on sides of a target tissue to be
ablated;

FIG. 5D 1llustrates deployment of the distal applicator tips
of the first and second ablation devices, including advance-
ment of the tips from the respective guide sheaths of the
corresponding ablation device, and further illustrates the
drawing of the distal apphcator tips towards one another
based on retraction of a pull wire or tether coupled to both
of the ablation devices;

FIG. 5E illustrates transitioning of the distal applicator
tips from the delivery configuration to the expanded con-
figuration, expanding 1n diameter and becoming lodged or
anchored within the respective pathways of the bronchial
airrway and further compressing the target tissue between
one another:

FIG. 5F illustrates the ablation of the target tissue based
on the emission of radiofrequency (RF) energy from the
distal applicator tips and FIG. 3G illustrates the ablated
target tissue;

FIGS. 6A, 6B, 6C, and 6D illustrate an articulating
assembly having a tetherless designed (1.e., no pull wire or
tether coupled to either of the first and second ablation
devices);

FI1G. 7 1s a perspective view of one embodiment of a distal
applicator tip consistent with the present disclosure;

FIG. 8 1s an exploded view of the distal application tip of
FIG. 7;

FI1G. 9 1s a perspective view, partly 1n section, of the distal
applicator tip of FIG. 7;

FIGS. 10A and 10B are sectional views of a portion of the
distal applicator tip of FIG. 9 illustrating the arrangement of
components relative to one another; and

FIG. 11 1s side view, partly in section, of another embodi-
ment of a distal applicator tip consistent with the present
disclosure.

For a thorough understanding of the present disclosure,
reference should be made to the following detailed descrip-
tion, including the appended claims, in connection with the
above-desribed drawings. Although the present disclosure 1s
described 1 connection with exemplary embodiments, the
disclosure 1s not intended to be limited to the specific forms
set forth herein. It 1s understood that various omissions and
substitutions of equivalents are contemplated as circum-
stances may suggest or render expedient.
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4
DETAILED DESCRIPTION

By way of overview, the present disclosure 1s generally
directed to a minimally invasive articulating assembly con-
figured to be delivered to a surgical site within a patient and
further configured to be advanced through a tortuous
anatomy to reach a target tissue and subsequently provide
ablation treatment to the target tissue. In particular, the
articulating assembly 1ncludes a delivery device 1n the form
of a scope or other access device configured to provide
access to a target site within a patient. The delivery device
has an outer guide sheath configured to be advanced through
the tortuous anatomy, particularly within a lung, and sub-
sequently deliver at least two separately deployable and
expandable ablation devices to the target site located at a
bifurcated section of the lung (1.e., at a bronchial airway
bifurcation) for ablation of the target tissue, which may
include diseased lung tissue, including, but not limited to, a
cancerous tumor or emphysema-related damaged tissue.

A first one of the ablation devices 1s steerable towards a
first pathway extending from the bifurcation and a second
one of the ablation devices 1s separately steerable towards a
second pathway extending from the bifurcation, such that
cach of the ablation devices can be positioned on either side
of a target tissue proximate the bifurcation. The first and
second ablation devices each include a distal applicator tip
configured to transition between a delivery configuration, 1n
which the applicator tip 1s collapsed and 1s shaped and sized
to fit within and pass through a pathway (i.e., bronchial
airrway), and a deployed configuration, 1n which the appli-
cator tip 1s expanded and 1s shaped and sized in such a
manner so as to become lodged or anchored within the
pathway and thereby apply at least a degree of compression
upon the target tissue, such that the target tissue 1s generally
compressed between the distal applicator tips. One or both
of the distal applicator tips further includes an electrode
array configured to emit RF energy upon the target tissue for
subsequent ablation thereof.

Accordingly, the assembly of the present invention allows
for improved controlled over the ablation of tissue, particu-
larly 1n normally 1solated regions ((1.e., tortuous pathways 1n
the lung), allowing for application of RF energy in a
controlled manner with little or no deleterious effect on
surrounding healthy tissue or organs. Furthermore, the pres-
ent invention allows for debulking of diseased tissue almost
immediately by way of RF ablation, such that, upon treating
the diseased tissue, necrosis of such tissue 1s 1mmedlate and
the assembly can be completely removed once the procedure
1s completed, and thus does not present any 1ssues that may
be present with devices requiring implantation for a given
period ol time.

For ease of description and explanation, the following
description focuses on the use of the articulating assembly
within the tortuous passageways of the lung of a patient.
However, 1t should be noted that the present invention can
be used in any other organs which may include tortuous
pathways, such as the heart or the vascular system, and
which may further include bifurcations.

FIGS. 1A and 1B are schematic illustrations of an ablation
system 10 for providing ablation of diseased tissue within a
patient 12. The ablation system 10 generally includes an
articulating assembly 14, including a delivery device 15,
which may be 1n the form of a scope or other access device
configured to provide access to a target site within the
patient 12. The delivery device 15 i1s configured to be
advanced through the tortuous anatomy, particularly within
a lung, and subsequently deliver at least two separately
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deployable and expandable ablation devices 16a, 165 to the
target site for ablation of a target tissue, as will be described
in greater detail herein. The articulating assembly 14, spe-
cifically each of the first and second ablation devices 164,
166 may further be coupled to a controller 18, an ablation RF
generator 20, and an irrigation pump or drip 22.

As will be described 1n greater detail herein, each of the
ablation devices 16a, 165 includes a distal applicator tip or
portion configured to be advanced to the target site and
transition between a delivery configuration, 1n which the tip
1s collapsed and shaped and sized to fit within and pass
through a pathway (1.e., bronchial airrway), and a deployed
configuration, in which the applicator tip 1s expanded and 1s
shaped and sized in such a manner so as to become lodged
or anchored within the pathway and thereby apply at least a
degree of compression upon the target tissue (e.g., an
expanded spherical shape). The distal applicator tip 1s con-
figured to emit non-ionizing radiation, such as radiofre-
quency (RF) energy, to treat the target tissue, specifically a
diseased tissue, such as a cancerous tumor or emphysema-
related damaged tissue within the lung. For example, the
applicator tip of each ablation device generally includes an
clectrode array positioned along an external surface thereof,
wherein the electrode array i1s configured to receive an
clectrical current from an energy source (1.e., from the RF
generator 20) and conduct energy, the energy including RF
energy. The ablation controller 18 may be used to control the
emission of energy from the electrode array of a distal tip of
an ablation device 16 to result 1n ablation, as well as control
parameters of the ablation (i.e., elapsed time, total energy
output, specific energy output pattern, etc.).

In some embodiments, each ablation device 16 may be
turther configured to provide RF ablation via a wvirtual
clectrode arrangement, which includes distribution of a flmd
along an exterior surface of the distal tip and, upon activa-
tion of the electrode array, the fluid may carry, or otherwise
promote, energy emitted from the electrode array to the
surrounding tissue. In particular, the distal tip of an ablation
device may include a plurality of ports or apertures config-
ured to allow the fluid to pass therethrough, or weep, from
an 1nterior of the distal tip to an external surface of the distal
tip. Accordingly, the 1rrigation pump or drip 22 may provide
the conductive fluid (e.g., saline) to the distal tip of each
ablation device.

As will be described 1n greater detail herein, during an
ablation treatment, the RF generator 20 may generally
provide RF energy (e.g., electrical energy in the radiofre-
quency (RF) range (e.g., 350-800 kHz)) to an electrode array
of one of the ablation devices 16, as controlled by the
ablation controller 18. At the same time, saline may also be
released from the 1rrigation pump or drip 22 the distal tip of
the ablation device 16.

The ablation system 10 may further include an imaging
modality 24. For example, during a procedure, the imaging,
modality 24 may provide an operator (e.g., surgeon) with a
visual depiction of distal end of the delivery device 15
during advancement towards the target site and may further
provide visual depiction of the ablation devices 16a, 165
during delivery and deployment thereof when positioning
for subsequent ablation of target tissue. For example, 1n
some embodiments, the imaging modality 24 may be con-
figured to recerve sensing input from the delivery device 15,
the ablation devices 16a, 165 (e.g., sensors on the scope 15
and/or ablation devices 16a, 165, such as ultrasound, video,
images, etc.) so as to provide an accurate display to the
surgeon during a procedure. The imaging modality 24 may
provide a medical imaging procedure, including, but not
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limited to, ultrasound (US), wavelength detection, X-ray-
based imaging, i1llumination, computed tomography (CT),
radiography, and fluoroscopy, or a combination thereot, such
that, when viewed under such a medical imaging procedure
provided by the imaging modality 24, the visibility of the
target site 1s enhanced and a surgeon can better maneuver the
scope 15 and each of the first and second ablation devices
16a, 166 during a procedure.

FIG. 2 1s a perspective view of one embodiment of a
steerable and expandable ablation device 16 compatible with
the articulating assembly 14. As shown, the ablation device
16 generally includes a guide sheath 26 sized or shaped to
fit within the delivery device 15. The ablation device 16
further includes a distal applicator tip 28 configured to
extend from a distal end of the guide sheath 26. The tip 28
generally includes a flexible body configured to have a
collapsed configuration and entirely fit within the lumen of
the guide sheath 26, such that, upon advancing the guide
sheath 26 to the target site, the tip 28 can be extended from
the distal end of the guide sheath 26 and the surgeon can
control transitioning of the tip 28 from a delivery configu-
ration to a deployed configuration. When 1n the delivery
configuration (as shown 1n FIG. 3A), the tip 28 1s collapsed
and 1s shaped and sized to fit within and pass through a
pathway (1.e., bronchial airway). When in the deployed
configuration (as shown 1n FIG. 3B), the tip 28 1s expanded
in response to inflation of the tip 28. For example, 1n some
embodiments, the tip 28 may include an 1nner balloon (not
shown) configured to receive a fluid or gas via a line 30
coupled to a source controllable via a controller, such as a
valve 32 or the like. Upon 1nflation of the inner balloon, the
tip 28 may correspondingly expand to assume the deployed
configuration. The tip 28 1s further coupled to the irrigation
pump or drip 22 via a fluid line 34, 1n which the flow of
conductive fluid from the irrigation pump or drip 22 to the
t1ip 28 may be controlled manually via a valve 36 or the like.
Accordingly, the tip 28 may include a design similar to the
ablation device design described in U.S. application Ser. No.
15/142,616, filed Apr. 29, 2016 (Publication No. 2016/
0317221), the content of which 1s incorporated by reference
herein 1n 1ts entirety.

As will be described 1n greater detail herein, the ablation
device 16 1s steerable by way of a pull wire or tether that 1s
anchored to a distal end of the guide sheath 26, thereby
allowing maneuverability of the tip 28 when advancing the
ablation device 16 through bronchial airways. The pull wire
or tether may be housed within a sheath 38 housing the pull
wire or tether, for example. As generally understood, appli-
cation of a pulling force upon the pull wire will generally
result 1 a corresponding detlection of the distal end of the
guide sheath 26, thereby allowing for the ablation device to
be maneuvered past bifurcations or other obstructions.

As previously described herein, the ablation device 16
may further include sensors or the like to assist in providing
visualization of the device to a surgeon during a procedure.
Thus, mm some embodiments, the ablation device may
include a sensor, including, for example, an ultrasound
transducer positioned along the guide sheath 26 adjacent to
a distal end thereof or placed upon the tip 28 body, wherein
a line providing signal from the sensor may be housed within
a sheath 40. Furthermore, the electrical line (not shown)
coupling the RF generator 20 to an electrode array on the tip
28 may further be housed within a separate sheath (not
shown).

As shown in FIGS. 3A and 3B, the tip 28 includes an
clectrode array 1s composed of a plurality of conductive
members (e.g., conductive wires) 42. In some embodiments,
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cach of the plurality of conductive wires 42, or one or more
sets of a combination of conductive wires 42, 1s configured
to independently receive an electrical current from the RF
generator 20 and independently conduct energy, the energy
including RF energy. This allows energy to be selectively
delivered to a designated conductive wire or combination of
conductive wires. This design also enables the ablation
device 16 to function 1n a bipolar mode because a first
conductive wire (or combination of conductive wires) can
deliver energy to the surrounding tissue through 1ts electrical
connection with the RF generator while a second conductive
wire (or combination of conductive wiress) can function as
a ground or neutral conductive member.

In some embodiments, the ablation device 16 1s configurd
to provide RF ablation via a virtual electrode arrangement,
which includes distribution of a fluid along an exterior
surface of the distal tip 28 and, upon activation of the
clectrode array, the fluid may carry, or otherwise promote,
energy emitted from the electrode array to the surrounding
tissue. For example, as previously described, the tip 28
includes an interior chamber configured to receive the
conductive fluid thereoin from the fluid source. The tip 28
body includes a plurality of ports, ports, or apertures 44
configured to allow the fluid to pass therethrough, or weep,
from the interior chamber to an external surface of the tip 28.
Accordingly, upon positioning the tip 28 at a target site and
subsequently deploying the tip 28 (1.e., transitioning the tip
28 from the delivery configuration to the deployed configu-
ration shown 1n FIG. 3B) the electrode array can be activated
and fluid can be delivered to the tip 28. The fluid weeping
through the ports 44 to the outer surface of the tip 28 1s able
to carry energy from electrode array, thereby creating a
virtual electrode. Accordingly, upon the fluid weeping
through the ports, a pool or thin film of fluid 1s formed on
the exterior surface of the tip 28 and is configured to ablate
surrounding tissue via the RF energy carried from the
clectrode array.

FIG. 4 1s a side view of an articulating assembly 14
illustrating a pair of steerable and expandable ablation
devices 16a, 166 extended from the delivery device 15. It
should be noted that the delivery device 15 may include a
scope, mncluding, but not limited to, an endoscope, laparo-
scope, catheter, trocar, or other delivery device. For most
applications described herein, the delivery device 15 1s an
endoscope. As shown, the distal tip 28a of the first ablation
device 16a 1s 1n the delivery configuration (1.e., collapsed
shape) and the distal tip 285 of the second ablation device
165 1s 1n the deployed configuration (i.e., expanded shape),
illustrating that the ablation devices 16a, 165 can be 1nde-
pendently controlled with regard to individual transitionming,
between delivery and deployed configurations.

As shown, the second ablation device 1656 may be coupled
to the first ablation device 16a via the pull wire 46. For
example, as shown, the pull wire 46 1s directly secured at
one end to the distal end of the guide sheath 264 of the first
ablation device 164 at an anchor point 48. Accordingly, upon
application of a force upon the pull wire 46, the distal end
of the guide sheath 26a corresponding deflects. The pull
wire 46 1s further coupled to the second ablation device 165
by way of a loop or hook 50 positioned at a distal end of the
guide sheath 265 of the second ablation device 165 through
which the pull wire 46 passes. Accordingly, a pulling force
upon the pull wire 46 generally results drawing of the distal
ends of the guide sheaths 26a, 265 of the first and second
ablation devices 16a, 16a towards one another, which will
turther result 1n drawing together of the tips 28a, 28b.
Accordingly, when both of the tips 28 are 1n the deployed
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configurations on opposing sides of a target tissue, a surgeon
need only apply a pulling force upon the pull wire 46, which
results 1in drawing of the tips 28a, 285 towards one another,
thereby compressing the target tissue between the tips 28a,
28b, at which point, one or both of the tips 28a, 285 can be
used to further emit RF energy from their respective elec-
trode arrays, in combination weeping conductive fluid, to
create a virtual electrode for subsequent ablation of the
target tissue.

FIGS. SA and 5B 1illustrate the positioning and movement
of the articulating assembly 14 through tortuous pathways
within the bronchial airways of a lung. As previously
described, the delivery device may be 1n the form of a scope
and 1s configured to carry at least two ablation devices 164,
165 for ablation of a target tissue at a target site within the
lung. A surgeon 1s able to steer the delivery device 15 while
advancing the assembly 15 through the bronchial passages
of the lung towards the target site which includes diseased
tissue, which may include, but 1s not limited to, a cancerous
tumor or emphysema-related damaged tissue. Use of the
imaging modality 24 allows for the surgeon to view the
assembly 14 during advancement through tortuous anatomy,
wherein, upon encountering obstructions, the surgeon can
maneuver the scope to continue advancement.

Referring to FIG. 5C, upon reaching the target site, which
may be located at a bifurcated section of the lung (i.e., at a
bronchial airway bifurcation), the surgeon can then begin
delivery of the ablation devices 16a, 165 for ablation of the
target tissue. For example, as shown, the first ablation device
16a 1s steerable towards a first pathway extending from the
biturcation and the second ablation device 165 1s separately
steerable towards a second pathway extending from the
biturcation, such the first and second ablation devices 164,
166 can be positioned on either side of the target tissue
proximate the bifurcation.

FIG. 5D 1llustrates deployment of the distal applicator tips
28a, 285b of the first and second ablation devices 16a, 165,
respectively. As shown, a surgeon need only extend each of
the tips 28a, 280 from their respective guide sheaths 26aq,
266 of the corresponding ablation devices. The surgeon may
then retract the pull wire 46, which, as previously described,
results 1n drawing of the tips 28a, 285 towards one another.
FIG. SE illustrates transitioning of the distal applicator tips
28a, 28b from the delivery configuration to the expanded
configuration, wherein each tip generally expands 1n diam-
cter and becomes lodged or anchored within the respective
pathways of the bronchial airway. Accordingly, upon
expanding, the first and second tips 28a, 280 compress the
target tissue between one another. Once positioned and
placed in the deployed configurations, ablation may begin.
As shown 1n FIG. SF, ablation of the target tissue occurs
based on the emission of radioirequency (RF) energy from
the distal applicator tips 28a, 285 and FIG. 5G illustrates the
ablated target tissue. It should be noted that, in some
embodiments, 1t may be desirable to activate RF emission
from only one of the tips, resulting 1n a directed ablation
pattern (1.e., ablation on one side of the target tissue) while
the other tip remains in an inactive state and 1s relied upon
as a backstop for maintaining the other active tip 1n position
during ablation.

FIG. 6 A-6D illustrate an articulating assembly having a
tetherless designed (1.e., the assembly does not include a pull
wire or tether coupled to either of the first and second
ablation devices). FIG. 6A illustrates positioning of the
distal applicator tips of the first and second ablation devices,
specifically 1llustrating independent movement of each
applicator tip into a respective pathway extending from a
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bronchial airway bifurcation and further positioned on sides
ol a target tissue to be ablated.

FIG. 6B illustrates deployment of the distal applicator tips
of the first and second ablation devices, including advance-
ment of the tips from the respective guide sheaths of the
corresponding ablation device. FIG. 6C illustrates the
advancement of the outer guide sheath of the delivery device
towards the applicator tips, thereby resulting in the drawing,
of the distal applicator tips towards one another; and

FIG. 6D illustrates transitioning of the distal applicator
tips from the delivery configuration to the expanded con-
figuration, expanding in diameter and becoming lodged or
anchored within the respective pathways of the bronchial
arrway and further compressing the target tissue between
one another and subsequent ablation of the target tissue
based on the emission of radiofrequency (RF) energy from
the distal applicator tips.

Accordingly, the assembly of the present invention allows
for improved controlled over the ablation of tissue, particu-
larly 1n normally 1solated regions ((i.e., tortuous pathways 1n
the lung), allowing for application of RF energy in a
controlled manner with little or no deleterious effect on
surrounding healthy tissue or organs. Furthermore, the pres-
ent invention allows for debulking of diseased tissue almost
immediately by way of RF ablation, such that, upon treating
the diseased tissue, necrosis of such tissue 1s immediate and
the assembly can be completely removed once the procedure
1s completed, and thus does not present any 1ssues that may
be present with devices requiring implantation for a given
period of time.

FIG. 7 1s a perspective view of one embodiment of an
ablation device 100 consistent with the present disclosure,
including an expandable distal applicator tip 104 extending
from a distal end of a handle 102, consistent with the present
disclosure. FIG. 8 1s an exploded view of the ablation device
100, specifically the distal application tip 104 of FIG. 7. As
shown, the applicator tip 104 includes a multiple-balloon
design. For example, the applicator tip 104 includes an 1inner
balloon 106 coupled to a first fluid source via a first fluid line
30 and configured to inflate into an expanded configuration
in response to the delivery of fluid (e.g., saline, air, etc.)
thereto. The applicator tip 104 further includes an outer
balloon 108 surrounding the mner balloon 106 and config-
ured to correspondingly expand or collapse in response to
expansion or collapse of the mner balloon 106.

The inner balloon 106 may include an irregular outer
surtace 112, which may include a plurality of bumps, ridges,
or other features, configured to maintain separation between
the outer surface of the mner balloon 106 and an interior
surface of the outer balloon 108, thereby ensuring that a
chamber 1s maintained between the inner and outer balloons.
The outer balloon 108 may be coupled to a second fluid
source (or the first fluid source) via a second fluid line 34.
The outer balloon 108 may further include a plurality of
perforations, holes, or ports 114 so as to allow tluid from the
second fluid source to pass therethrough, or weep, from the
outer balloon 108. The perforations may be sized, shaped,
and/or arranged 1n such a pattern so as to allow a volume of
fluid to pass from the chamber to an exterior surface of the
outer balloon at a controlled rate.

The applicator tip 104 further includes one or more
conductive elements, generally resembling electrically con-
ductive wires or tines 110, positioned within the chamber
area between the mner balloon 106 and outer balloon 108.
The conductive elements 110 are coupled to the RF genera-
tor 20 via an electrical line 25, and configured to conduct
clectrical current to be carried by the fluid within the
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chamber from the interior surface to the exterior surface of
the outer balloon 108 for ablation of a target tissue, as will
be described 1n greater detail herein. It should be noted that
in one embodiment, the plurality of conductive wires 110
may be electrically 1solated and independent from one
another. This design allows for each conductive wire to
receive energy in the form of electrical current from a source
(e.g., RF generator) and emit RF energy in response. The
system may include a device controller 18, for example,
configured to selectively control the supply of electrical
current to each of the conductive wires 110.

FIG. 9 1s a perspective view, partly 1n section, of the distal
applicator tip 104. FIGS. 10A and 10B are sectional views
ol a portion of the distal applicator tip 104 illustrating the
arrangement of components relative to one another.

As shown 1n FIG. 9, the inner and outer balloons include
a chamber 118 defined there between. In particular, the
plurality of bumps or rnndges 112 arranged on an outer surface
of the mner balloon 106 are configured to maintain separa-
tion between the outer surface of the inner balloon 202 and
an 1nterior surface of the outer balloon 108, thereby ensuring
the chamber 118 1s maintained.

Once positioned within the target site, a first fluid may be
delivered to a lumen 116 of the inner balloon 106, so as to
inflate the inner balloon 106 1nto an expanded configuration,
at which point, the outer balloon 108 further expands. A
second fluid may then be delivered to the outer balloon 108
such that the second fluid flows within the chamber 118
between the mner and outer balloons 106, 108 and weeps
from the outer balloon 108 via the ports 114. Upon activat-
ing delivery of RF energy from the conductive elements 110,
the RF energy 1s transmitted from the conductive elements
110 to the outer surface of the outer balloon 108 by way of
the fluid weeping from the perforations 114, thereby creating
a virtual electrode. For example, the fluid within the cham-
ber 118 and weeping through the perforations 114 on the
outer balloon 108 1s a conductive fluid (e.g., saline) and thus
able to carry electrical current from the active conductive
clements 110. Accordingly, upon the fluid weeping through
the perforations 114, a pool or thin film of fluid 1s formed on
the exterior surface of the outer balloon 108 and 1s config-
ured to ablate surrounding tissue via the electrical current
carried from the active conductive elements 110. Accord-
ingly, ablation via RF energy 1s able to occur on the exterior
surtace of the outer balloon 108 1n a controlled manner and
does not require direct contact between tissue and the
conductive elements 110.

This embodiment 1s particularly advantageous 1n that the
dual-balloon design does not require a syringe pump, and
can be supplied with gravity-fed fluid source 22. In addition,
the volume of fluid required within the chamber 1s signifi-
cantly less (when compared to a single balloon design), thus
less wattage 1s required to achueve RF ablation. Another
advantage of the dual-balloon design of distal tip 104 1s that
it 1s not limited to placement within tissue cavities. Rather,
when 1n a collapsed state, the distal tip 104 1s shaped and/or
sized to fit through working channels of scopes or other
access devices, for example, and thus be used for ablation 1n
a plurality of locations within the human body.

It should be further noted that a device 100 of the present
disclosure, including the distal tip 104, may further be
equipped with feedback capabilities. For example, while 1n
a deflated, collapsed configuration, and prior to saline tlow,
the tip 104 may be used for the collection of 1nitial data (e.g.,
temperature and conductivity measurements (1mpedance
measurements ) from one or more of the conductive elements
110. Then, upon carrying out the ablation procedure, after
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certain time ablating, saline flow may be stopped (controlled
via controller 18), and subsequent impedance measurements
may be taken. The collection of data prior and during an
ablation procedure may be processed by the controller 18 so
as to provide an estimation of the state of the tissue during
an RF ablation procedure, thereby providing an operator
(e.g., surgeon) with an accurate indication success of the
procedure.

FI1G. 11 1s side view, partly in section, of another embodi-
ment of an ablation device 200 consistent with the present
disclosure, including an expandable distal applicator tip
assembly 204 extending from a distal end of a handle 202,
consistent with the present disclosure. The distal applicator
tip assembly 204 includes a nonconductive tip 206 extend-
ing from a distal end of the handle 202 and an electrode array
comprising a plurality of independent conductive wires 208
extending along an external surface of the nonconductive tip
206. As will be described 1n greater detail herein, the tip
assembly 204 1s flexible and generally formed from a low
durometer material. More specifically, the nonconductive tip
206 and electrode array are generally tlexible and configured
to transition from a collapsed configuration, in which the tip
206 has a smaller diameter and can be more easily delivered
to a target site, to an expanded configuration (e.g., generally
spherical) upon a intlation of an 1nner balloon member. The
expansion of the tip assembly 204 allows for the tip assem-
bly to conform to the contour of a target tissue, allowing for
improved contact and ablation/coagulation performance.

As shown, the nonconductive tip 206 includes a proximal
end 210 coupled to the distal end of the handle 202 and a
distal end 212. The nonconductive tip 206 includes a flexible
body configured to transition from a collapsed configuration
to an expanded configuration upon inflation of an inner
balloon member. Upon deflation of the mner balloon mem-
ber, the nonconductive tip 206 1s configured to transition
back to the collapsed configuration. Accordingly, the non-
conductive tip 206 may include an elastomeric or shape
memory material. As shown in FIGS. 3 and 4, the noncon-
ductive tip 206 has a generally spherical shape when 1n the
expanded configuration. Upon application of a force (e.g.,
pressing of the tip 206 against a target site), the nonconduc-
tive tip 206 1s configured to flex and transition nto a
deformed state, where portions of the nonconductive tip 206
can become deformed such that nonconductive tip assumes
a compressed shape.

The nonconductive tip 206 includes plurality of proximal
ports 214 and distal ports 216 in communication with at least
a lumen of the handle 202. The proximal ports 214 and distal
ports 216 generally serve as openings through which con-
ductive wires 208 may pass. For example, each of the
plurality of wires 208 passes through an associated one of
the proximal ports and through a corresponding one of the
distal ports. Accordingly, the number of proximal ports 214
and distal ports 216 may generally be equal to the number
of conductive wires 208, such that each conductive wire 208
can extend through a different distal port 216, which allows
the conductive wires 208 to remain electrically 1solated from
one another. In other examples, one or more conductive
wires can extend through the same distal port 216. The
nonconductive tip 206 may further include one or more
medial ports 218 configured to allow passage of fluid from
the within the nonconductive tip 206 to an external surface
of the nonconductive tip 206, as will be described in greater
detail herein.

Upon passing through a distal port 216, each conductive
wire 208 can extend along an external surface of the
nonconductive tip 206. In some examples, the length of the
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conductive wire 208 extending along the external surface 1s
at least 20% (e.g., at least, 50%, 60%, 73%, 85%, 90%, or
99%) of the length of the nonconductive tip 206. The
conductive wire 208 can then re-enter the nonconductive tip
206 through a corresponding proximal port 214. For
example, as shown in FIG. 11, conductive wire 208a passes
through distal port 216, extends along a length of the
external surface of the nonconductive tip 206, and passes
through an associated proximal port 214 and into a cavity or
interior chamber of the nonconductive tip 206, while con-
ductive wire 208b 1s electrically i1solated from conductive
wire 2086 1n that 1t passes through 1ts own associated
proximal and distal ports. The wires 208 are configured to
receive energy in the form of electrical current from the RF
generator 20 and emit RF energy in response. The conduc-
tive wires 208 can be formed of any suitable conductive
material (e.g., a metal such as stainless steel, nmitinol, or
aluminum).

As shown, one or more of the conductive wires 208 can
be electrically 1solated from one or more of the remaiming
conductive wires, such that the electrical 1solation enables
various operation modes for the device 200. For example,
clectrical current may be supplied to one or more conductive
wires 1n a bipolar mode, a unipolar mode, or a combination
bipolar and unipolar mode. In the umipolar mode, ablation
energy 1s delivered between one or more conductive wires of
the electrode array a return electrode, for example. In bipolar
mode, energy 1s delivered between at least two of the
conductive wires, while at least one conductive wire remains
neutral. In other words, at least, one conductive wire func-
tions as a grounded conductive wire (e.g., electrode) by not
delivering energy over at least one conductive wire.

Since each conductive wire 208 in the electrode array 1s
clectrically independent, each conductive wire 208 can be
connected 1n a fashion that allows for impedance measure-
ments using bipolar impedance measurement circuits. For
example, the conductive wires can be configured in such a
fashion that tetrapolar or guarded tetrapolar electrode con-
figurations can be used. For instance, one pair of conductive
wires could function as the current driver and the current
return, while another pair of conductive wires could function
as a voltage measurement pair. Accordingly, a dispersive
ground pad can function as current return and voltage
references. Their placement dictate the current paths and
thus having multiple references can also benefit by provid-
ing additional paths for determining the ablation status of the
tissue.

As previously described, the ablation device 200 1s con-
figured to provide RF ablation via a wvirtual electrode
arrangement. In particular, energy conducted by one or more
of the wires 208 1s carried by the fluid weeping from the
nonconductive tip 206, thereby creating a virtual electrode.
For example, the nonconductive tip 206 includes an interior
chamber 220 retaining at least an inner balloon member 300
therein, which may essentially act as a spacing member, and
a hydrophilic insert 302 surrounding a inner balloon member
300. As shown, the handle 202 includes a fluid lumen 222
coupled to the irmgation pump or drip 22 via the fluid line
34 and 1s configured to receive conductive fluid therefrom.
The hydrophilic mnsert 302 is configured receive and evenly
distribute the conductive fluid from the fluid lumen 222
within the interior chamber 220 by wicking the saline
against gravity. The saline within the chamber 220 may be
distributed from the hydrophilic mnsert 302 to an external
surface of the tip 206 through the one or more medial ports
218 and/or the other ports (e.g., to the proximal ports 214
and distal ports 216). The saline weeping through the medial
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ports 218 and/or proximal and distal ports 214, 216 to an
outer surface of the nonconductive tip 206 1s able to carry
clectrical current from the electrode array, such that energy
1s transmitted from the electrode array to a target tissue by
way ol the saline, thereby creating a virtual electrode.

The handle 202 further includes an intflation lumen 224
configured to be coupled to the inflation source 27 via the
connection line 30. Accordingly, the inflatable balloon mem-
ber 300 1s 1n fluid communication with the intlation source
27 via the inflation lumen 30, such that, when the inflation
source 1s activated, the inner balloon member 300 inflates.
Upon inflation, the inner balloon member 300 1s shaped and
s1zed so as to maintain the hydrophilic insert 302 1n contact
with the interior surface of the distal tip wall, and specifi-
cally in contact with the one or more ports, such that the
hydrophilic insert provides uniformity of saline distribution
to one or more of the ports (1.e., at least one of the proximal,
distal, and medial ports). Accordingly, upon positioning the
distal tip withun a target site, the mner balloon member can
be inflated to transition the distal tip to the expanded
configuration, and the electrode array can be activated. Fluid
can then be delivered to the interior chamber, specifically
collecting in the hydrophilic insert, and the fluid weeping
through the ports to the outer surface of the distal portion 1s
able to carry energy from electrode array, thereby creating a
virtual electrode. Accordingly, upon the flmid weeping
through the ports, a pool or thin film of fluid 1s formed on
the exterior surface of the distal tip and 1s configured to
ablate surrounding tissue via the RF energy carried from the
clectrode array.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment. Thus,
appearances of the phrases “in one embodiment™ or “in an
embodiment” in various places throughout this specification
are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or charac-
teristics may be combined in any suitable manner 1n one or
more embodiments.

The terms and expressions which have been employed
herein are used as terms of description and not of limitation,
and there 1s no intention, in the use of such terms and
expressions, of excluding any equivalents of the features
shown and described (or portions thereot), and 1t 1s recog-
nized that various modifications are possible within the
scope of the claims. Accordingly, the claims are intended to
cover all such equivalents.

INCORPORAITION BY REFERENCE

References and citations to other documents, such as
patents, patent applications, patent publications, journals,
books, papers, web contents, have been made throughout
this disclosure. All such documents are hereby 1incorporated
herein by reference in their entirety for all purposes.

Equivalents

Various modifications and further embodiments are pos-
sible beyond what 1s shown and described herein. The
subject matter herein contains information, exemplification,
and guidance that can be adapted to create various other
embodiments.

What 1s claimed 1s:
1. A mimimally 1nvasive medical assembly for ablating
tissue, the assembly comprising;
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a delivery device configured to provide access to a target
site within a hollow body of a patient through the
tortuous anatomy within a lung, the delivery device
comprising a working channel for delivering a pair of
ablation devices to the target site;

wherein each of the pair of individually deliverable abla-
tion devices comprises:

a nonconductive, expandable distal applicator tip defin-
ing an interior chamber and also defining a plurality
of ports, at least one of the plurality of ports con-
figured to allow passage of a conductive fluid from
the interior chamber to an exterior surface of the
distal applicator tip;

an 1nflatable member disposed within the nterior
chamber of the distal applicator tip, the inflatable
member configured to transition from a collapsed
configuration to an expanded configuration and
cause the distal applicator tip to correspondingly
transition from a collapsed configuration to an
expanded spherical shape; and

a plurality of conductive wires, wherein each of the
plurality of wires passes through one of the plurality
of ports such that each of the plurality of wires
extends along at least a portion of an exterior surface
of the distal applicator tip and passes through one of
the plurality of ports into the interior chamber of the
distal applicator tip, and 1s configured to indepen-
dently conduct energy to be carried by a conductive
fluid passing through one or more of the plurality of
ports.

2. The assembly of claim 1, wherein the pair of ablation
devices are coupled to one another by way of a pull wire.

3. The assembly of claim 2, wherein, upon application of
a pulling force upon the pull wire, at least the applicator tips
of the ablation devices are configured to correspondingly
move relative to one another.

4. The assembly of claim 1, wherein each of the pair of
individually deliverable ablation devices further comprises a
handle including a lumen for receiving the conductive fluid,
wherein the lumen 1s 1 fluild communication with the
interior chamber of the distal applicator tip.

5. The assembly of claim 1, wherein, upon receipt of an
clectric current, each of the plurality of conductive wires 1s
configured to conduct radiofrequency (RF) energy to be
carried by the conductive fluid passing through one or more
of the plurality of ports for ablation of a tissue.

6. The assembly of claim 1, wherein the plurality of ports
comprises one or more medial ports for allowing passage of
the conductive flud.

7. The assembly of claim 1, wherein each of the plurality
of conductive wires 1s substantially aligned with at least one
of the plurality of ports.

8. The assembly of claim 1, wherein the plurality of ports
comprises a plurality of proximal ports and distal ports,
wherein each of the plurality of conductive wires passes
through at least one of the proximal ports and through a
corresponding one of the distal ports such that a portion of
cach conductive wire has a length that extends along the
exterior surface of the distal applicator tip between the
corresponding proximal and distal ports.

9. The assembly of claim 8, wherein each of the plurality
of proximal ports corresponds to a separate one of the
plurality of distal ports such that a portion of a conductive
wire passing through a set of corresponding proximal and
distal ports has a length that extends along the exterior
surface of the distal portion between the corresponding
proximal and distal ports.
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10. The assembly of claim 1, wherein each of the pair of
individually deliverable ablation devices further comprises a
hydrophilic member disposed within the interior chamber
between an exterior surface of the inflatable member and an
interior surface of the distal applicator tip, the hydrophilic
member configured to receive and distribute a conductive
fluid to the plurality of ports.

11. A minimally mnvasive medical assembly for ablating
tissue, the assembly comprising;

a delivery device configured to provide access to a target
site within a hollow body of a patient through the
tortuous anatomy within a lung, the delivery device
comprising a working channel for delivering a pair of
individually deliverable ablation devices to the target
site;

wherein each of the pair of individually deliverable abla-
tion devices comprises:

a handle; and
an expandable assembly extending from the handle, the
expandable assembly comprising:
an mner expandable member configured to transition
from a collapsed configuration to an expanded
spherical shape, the inner expandable member
comprising an exterior surface including a plural-
ity of ridges defined thereon;
an outer expandable member configured to corre-
spondingly transition from a collapsed configura-
tion to an expanded spherical shape 1n response to
expansion of the imner expandable member, the
outer expandable member comprising a plurality
of chambers, each chamber 1s defined between an
interior surface of the outer expandable member
and the exterior surface of the mner expandable
member and a pair of adjacent ridges, the outer
expandable member further defining a plurality of

10

15

20

25

30

16

ports, at least one of the plurality of ports config-
ured to allow passage of a conductive fluid from
the chambers to an exterior surface of the outer
expandable member; and

a plurality of conductive wires, each of which 1s
disposed within a separate respective one of the
chambers and configured to independently con-
duct energy to be carried by a conductive fluid
passing through one or more of the plurality of
ports.

12. The assembly of claim 11, wherein each of the
plurality of ridges 1s oriented generally along a longitudinal
axis of the inner expandable member and the handle.

13. The assembly of claim 11, wherein, upon receipt of an
electric current, each of the plurality of conductive wires 1s
configured to conduct radiofrequency (RF) energy to be
carried by the conductive fluid passing through one or more
of the plurality of ports for ablation of a tissue.

14. The assembly of claim 13, wherein one or more sets
of a combination of conductive wires 1s configured to
independently receive an electrical current from an energy
source and independently conduct energy.

15. The assembly of claim 13, wherein each of the
plurality of conductive wires 1s substantially aligned with
one of the plurality of ports.

16. The assembly of claim 11, wherein the pair of ablation
devices are coupled to one another by way of a pull wire.

17. The assembly of claim 16, wherein, upon application
ol a pulling force upon the pull wire, at least the applicator
tips of the ablation devices are configured to correspond-
ingly move relative to one another.

18. The assembly of claim 11, wherein the inner and outer
expandable members comprise a non-conductive material.
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